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(54) CERAMIC-BASE COMPOSITE MATERIAL AND rTS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a composite material hardly deteriorating the strength 
even in a high-temperature region by arranging a reinforcing material in a ceramic matrix, 
consisting essentially of silicon carbide and a molybdenum silicide-based compound and having 
a specific value or above of density ratio. 

SOLUTION: A compact comprising a reinforcing material, a silicon carbide powder and a carbon 
powder is prepared and the reactional sintering is then carried out while impregnating the 
compact with an alloy composed of silicon and molybdenum. A carbon component is reacted 
with the impregnated silicon to form silicon carbide to be a matrix and the impregnated silicon 
and molybdenum are reacted to deposit a molybdenum silicide-based compound in the matrix. 
The density ratio of the matrix is >90%. Since fine grains of the produced sintered silicon 
carbide compact and dispersed in the phase of the molybdenum silicide-based compound to 
form a microstructure and free Si having a low melting point is reduced, the matrix hardly 
deteriorates mechanical characteristics in a high-temperature region of >1,400° C. 
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[#fi=W*<0$gH] 

[fff**l] *7\~j<?*-?Y*)vt**'l~-%iimtt 
£EgL.TtS£-fkLfc-fc7 5 7 7 7,m%^^'-i^_ 
X, ±M-ty^7 iL^^^--^-^^*^^^ 

%t^) ff> ^'J-*F? "K^Tl: g|a fc «b >k h 'J 

•y * *<7>SgikA s 9 0 %VX±-X-$>i> ^ fc £!ffg*fc t" 4-fc 
[if** 2] ■t557?^7F'j7^^W±*&*(i 

TT-&*cfc£#mt+4»**iEi£w-fc^ -y ?x 

[if** 3 ] t'JW/'Jt'f K#ffcfc** f M o S 

• [»**4] t'jyf^'/'Jt-f H*flA*l*» — * 
SMo-Si-X (ffiU XI±A l, Ta, T i, Z 
r, Y, Re, W, V, C r £> <£ tfN b frbMIRZilZ 
^(HllWxfT^'&J X'%t*>2ftZ>Z£i ! & 
gfcfc-f 4ff**l !E««-t5 5 y 7Xgtt-£-*ffio 
[if** 5 ] t7v; ^ x*tt^#»fftiBU, Rfk«t 

±^55- fc *BfiK L fc - fc *%fWL £ "T S «** 

1 E*£<*> t7v;n sa^##. 

[if** 6 ] -fc 7 5 y *'*»tt**WWEW- Hfk«t 
v»**^traffcS*Lfc£B**»#Lfcwfc 
4if ** 1 ie«feO-b 5 5 7? x^tS-g-ttfl-o 

[if**7] tIi<Of$;i { l 6 f*m&±X'i>i>t t 

[if** 8] *ffiJBU«-4K*a<k«tvi««03FJ^ttS 

[iff** 9] ffltrnttW-*:? 5 » 
C i **HBcfc-t-&Eff**lE«?>-fc7 5 y 7Xg?g£-*t 

[if** 10] \ h y ? * x t»*-r**fl:»tv»*«. 

^7t^^¥^J&S* s 1 0 /u mttTfibi- Srfcgfcfc 
1" £ iff** 1 Eft*> -t 7 ^ "J 7 X 
[it** 11] -7h'J ;^li> JMfc}t v J**J:*. 1 ! 

[8?** 12] 7pj77Xli, JHUtV'Stttlrlt't 1 

Lfc4a***U ^*moitS7!> ? 2 0 OjimttTf** 

Cfc lEfW>-tv 5 7 7 

® 0 
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[a** 13] t b M y * X <Oft5g:Oi»£r I<OM^ 
«t£Lfcfc#U, ^'JT'fVv'Jt'f K^it^ffiOrt 

t -r & » ** i teffeo -t 7 < y * x mm&wn 0 

[iff** 14] * 'J 7*f> y'Jt-f KSfta^MI© A 
ttujMiLfcftffctt^fcwlRti^a**^^"?** c fc 
£#giti-&iff*«i 3EfS«t7^7n«Mtt 

». 

[11**1 si caftsa* * Mife* * 

^ * t i 4 ifefkit v ^fifct* 1 1 ^ -t-ft 

J r ||-r4Cfc*4fiifci-4-b7 5 y ^ 

[W**l 6] SlSttttUJ: 0±*LfcKffc«tv»*« 
^#<O»2 ; f-<!0ii'-ft < fc ^-as?:^ *'jrf>->'Jt^ 
20 K3Mfc*»tt*>rt»t- jWR Lr*fm?-»i-4Cfc fc 
-T4H**1 5Elfe<0-t7 5 y ^ X^^-MWORii^ 

[R**17] RlD««UJ:OA*L*:«ffcitv»*«E 
^frcO^-y-^fT?^^ < fc t— ST>?r. t'J^y'it 
4 K^-ft^fflOrt85U55^ctT*ftBS-*-5)wfc«r#gi 
fc -T4H** 1 5 ElftO-t 7 5 y ^ X*«#-*mwS£j£ 

[«** 1 8 ] »fk*tf fc ^fc«t v»* fc mm fc «: 

4*3Kfr*«*-r4^ft < fc t-»o«t*oa«ai«-t.. 

ftt t4«*S 1 5 E««* 5 5 -/ * ^ *tg#tt#<^ 
[»**19] »ft*»i:«ffc«tv»*fcK*t*^ia 

iia^fltifluai-a^ft < fc t-»ojiwoffl»ifH: 

Lt, tig^l 0 0Tm\XT<r>m.^MM^\tm-ti>Z fc $r 
#gifc-r-5)B**l 5S«<0-t5 5 •/ ? *&&L&ttft<0 

[iS** 2 0 ] Kfc&mx^ h 'J y * X L -t 

7;-^ ^*«^#JH-4r«ff#H«f "CiDK 1 5 0 0 - 
40 17 0 Ot:utHJ»LTfc*itv»J^|!fc*-r*ie«:*« 
1-4Cfc^#gtfc1-4iS**l 5E»<?>-t9 5 -y 7 7,^ 

[R** 2 1 ] RI&*tt-C^ h U y ^ X Srff^Lfc-t 

7 ;7? x^m^tt^.^s^snE^H^.+'r-ias i 3 o 

0- 1 4 0 0rKto!*LTWft*W»O»1*ltv»*«:e 

fks*tfc*wJi*»«i-ani**«H-*^ t *1#»fc 

-T4W** 1 5 ElSW-t 7 5 y 9 xmrn-tttftngtikli 

So 

50 [»** 2 2 ] h U y * X £Bffc L fc -fc 
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y\-7? X*tt##fi-*a**H«*-effift 1 3 0 0- 
1 4 0 OX,i-taftLT#f*rtffiW&»<tv^£#&*Hl 

.gtt#^#H»«t»-C*tS"f*— BUS©**!**-* 
lo o o l ] 

[«wo*-r-6l$*fl«l **9i(i*Hfc»tv»* (s i 

[0 0 0 2 ] 

[0 0 0 3] L*U -t?5y*X*«#li, E»U|2 
£ 0 i*)ioi:t*f>, ft* 

[0 0 0 4] -f%:t>*>if*9 -V>W>3i, 
itt^aPpl^UttfflSiti-t^ 5 -y ^xflliittffil-liii- 
ljfctt is J: If ffiifitt ft U m 7L X i§5 v MMitt S ii- * o 

tz-ty 5 v ? Z-mm'ktt® (CMC : Ceramic Matrix C 
omposites ) W*fflffcWfta f rtttOWft«IM*UiJ^-C 

[0 0 0 5] ±IEC0 iiitfv^ x£tS£-*tfl- ( C 
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MC) (Ci3V>r, #USMI«:&fl:*tti: LtlW:^ 
14tO[S]±(;^LT(±^:# ta^^^-fo ±iecMCffl<7) 

o 

[0 0 0 6] _hKOJ;-9 tHMtaffcLfc-fc? 5 y 
«*Wfl-<0«fCt>, ttdKfcitv** (S i C) *-e h 'J 

[o oo7] ±ieoj: -9 fc-fcv * 
fc&fefc t"<7)7' , j 7 * -Artd* 1 ; y v*^* r-ft&t* 

<7)iS^:viT-t 7 5 y ? X ft* U Kit**** 

m-s atoms. »hsujde*m&. hi 

20 [0 0 0 8] — -fi. KJZ-m&m-ZoX-* V 'J v 
Bf&1~* (i, tv 5 -y * x9S*|7>»f> 
COT"'; 7 *-**>±5i?/S i C^-atflgft 

«t>uaF»Lfc«tv>9(l (Si) £#«L&75 ? 

fffcvs 7>---K>)S5i-tifs4S i t ZKfcZ-tt XKfctit 

[0 0 0 9] ±.EOJ:.2U*^*^^©ftiSS-i-QB. 
50 ^>U "f Jtttttilft <> 1 4 5 0 t;*r&£ Jt«WUl&v» 

UiJ^-C ^ , ffico^it7n -fc ^ t Jtte Lt^BCK^g 
[0 0 10] 

[HW b J: o b -f h VIMI L ^ L 4 *« <b Ri£.*tt 
SiCt-7h'j777si L/;-t7 5 -y 

40 Rl£*ttS i Ctt»«S i * 1 5-3 

1 4 1 Ot:tJttSEWUev»fcii>l 4 0 0 *CJ^±t0ii5iaft 
f, «^*t*rCO#iS®ft* J *.«Uig:TL, »jSa5p 0 p*t^- 

[0 0 11] *»Wii±EK«jft*W*i"**:*^** 
ixfe t <7)t-$) •) , #1- 1 4 0 0 , C£JL±OS5iaS«i*»-iS 

50 D-*-?-<OMiiy7S*S«i"^- t ZB&ti-Zo 
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[0 0 1 2] 

h ^ y ?x<^£*§£k LT, ttfeffl*** 

Aff 4RJE«feft*«ffli-* k k <i> Th'Jynt 
(z^l¥i-^iS^ S i £ fcti:*:#&— <t Wb* 'J f 
T> (M o S i 2 ) ft f >J > ') *4 K*ffc* 
»U«H*Lfco RlS*MifiSl=J:-»"CS i C"? 

h 'J 'J y ^X't'UMo S 

^ t^Tiafii&tzo -tft*>*>s Mo s ia i±Bt 

jft*«2 0 3 0° X$>*). *<0»»ffcttli*M*5r S i C* 

&fctmmmx$>2>tztb, i 6 o orir-oiaSTOH 

[0 0 131 L^L-ft**^ Mo S i2 .lift 7 0 OKA' 
t,100 o K*fO+aU*Uis«t*»ffcUJ:o"C, 

[0 0 14] *SH^#'b(±. Mo S i2 (O&HZX&fr 

loo, $c,uwa»KisJ:tr^»;-yim*efcAt? 

a^O^^ffof^o ^-C0$S*, S i C, ^'J^f/v 
i; -9- K^ft&ftfc.fctfS i ?r±fi!<:^-i:-r-l>-7 b ') v 9 

M^tLt, -MMo-Si-X (XI1A1, T 
a, Ti, Zr, Y, Re, W, V, CrJSJ^Nb^ 

[0 0 15] **:«**f*miB*»»«H-ftftL, flik 
lt^3£ (S is N4 ) fc^triMFl-fcftSftfcSEWi* 
^5eW $ T-ff^«: L k # KlrtMfcte U«ftfc«'&-#*W t 

» f>*v, if*?- if >» B "& ft truaffl l 

j£TO$«65#1t<rcigB#*ffc7^ftv»*7 5 y ? **tS 

> -c^jS $ ft t ^ x h & o 

[0 0 16] i-ft*>*>*f&MU«*-t9 5 y 

2fe«^-*t*H-iSV'T, ±fi£-t 9 v^^pj;? XO 
±«**«*MK«tv»*t*'J 7-r> v 'J K*fb*«k 

k£#gfck-l£o 

[0017] 4 Ji, W*5 2 lEffecO £. •? t 7 ;7? 

h -y jr^oia^-^ftitv^t^eu T'f^V'J 
-»M KSfb^l»kifcBi»n i 3tk;&«ibJ£*K 'MJ?n 
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^St#*ft* ? l 0#fi%JaTT-&& J: *> i:»SLT4 J: 

[0018] i tz , t'J 7r> v 'J -9" K^-fbiH^M 
o S i2 t$>SCtJfii:t4c £<b<:, t'iT'f/ 
K*ffc6*li, -«KMo-S i-X (fiU 
XliAl, Ta, Ti, Zr, Y, Re, W, V, Cr 

texiywbfrbmiRzixz'j?* <ti> lacoTc^T-* 

70 [0 0 19] Sfcl-±Ett3j&Rli3J:0 f 2ie*W>-t7 5 

tr£ft £ ft fc^cBS £ f^fdH" £ k iv, ifcailof 
? li l o , u mflUtr* itiiu-t??^ 

#**L*ftfl:«t«'»*«> 3 F*WS[S* , l 0 // mVXTXhh k 

[0 0 2 0] f fcaMt**t* f -fc 75-/? ^ftW**" «b A 
20 1-&o 

[0 0 2 1 ] b V y ^x^PAi-^j^-fkttv^ 

o^es** 20^ m wtt** o , * >j yf > -> * -r 

K*-fk-&ife»0^tSS* f 1 0 fx mVXTX'h&Z t «r#© 
[0 0 2 2] Y 'J y?X(±, *tffcm>?JI*U* 'J 

»-fl*Lfc»l»*#t, a*»Oit2* f 2 0 0,«mttT 
30 XhhZtil&Wit-tho 

[0 0 2 3] ttz, -7 h y ^ X<7)eE*W^Jffif®oa^ 

[0 0 2 4] T ft»«i*U\ EI&«ttUJ:»)^* 

l k 1 1 it ^*««s fro -« i (t ^« * * >; 

40 *ck(-i *)f^$tL-&o ?Mb**t k R-fbtt 

<7>j^f f>ffiJ6ac.3B-.kJU"C > JttSji t l y« mlXT.QM&frM. 
^-ffiffljr i C: k 2>*|| * L^o i^l±> EJtttS t- «t •) ^ 

rfy v 'J Yfhit&toftn l*3SP C«i4 LT*fm 
$-*T±B««it*B*Lr<>J:v»o ^^^^^ 3tft* 

< k t— «OK*om5fe«tftk LT, *SS* S 1 0 Onratt 
T<7)^f&*^1tffli"-&-k35 i Mi Li>. 
50 [0 0 2 5]±EWIi4:tt4-t7 5 7^1S«fr» 
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#(±, i o o ccW-hoiSiaitr-jitt^TFi-^'J 

til;, ^ij-y4#tt*r*«uak#-r4fc*. git^JS 
[0 0 2 6] ^.^m-^h^ \ y ? X^m#»f4<7)^ 

* >) yr> t a« l, fc* { <b Rifcfctt* l 

* X t 4*Ht«tv»*4:«ft-*-* ttii:, Lfclt 

[0027] ±ib<o i ? & * 'J rf> K*ft* 
•mz-^ts-? Y "J y * **»4fc*>l-i±. 

(1 ) C, Si c*»e> (2) C, S i c, 

- X)J>«.*4**#. (3) C S i C, MoH*4* 
Bffcifcti (4) C, SiC, Mo, Xt»»*>*;4«:^# 
U, jfflKLfc (a) S i -Mo-XH (b) Si- 
Mo&t (c) Si-X^4, (d) Si 

[oo28] ±eo j: ? 'j 7*f^> 'j * < 

h 'J y l 4 0 0"CJ-;J.±<O£5i£i&l-iS 

> v 'J -»M K*fl:6tt4<«fffl Ltv»*t*, -7 h 'J v 9 

s »> , 9v - zkz>o itzmi^* y 

SUMPttftnuJiMISivc, fii&tt (7 0 OK- 1 0 0 
OK) (Zfett^St-ftSr^jh-r *k t &i&3££<-g 

[0 0 2 9] C<Oit£\ 7h'J y 9 AVygLTfcttiCfcfe* 
Ultv>*t*'; ■77":' L**^ 

[0 0 3 0] ifc±E«4*fti:*'' 1 t, E6*»Lt 

Bi&Ltz-tv i v -ess 

1 5 0 0- 1 7 0 0lCl=*P«tLrja!l»ltv»*«:8fe*i-4 
[0 0 3 1] $lbt-±lSSIit73?St-*5V»-C, RJo*ttL 
•Cftftl 3 0 0- 1 4 0 Ot:tC*D?S:LT*t#grafflSW^ 

[0 0 3 2] S/;±ESa*SUJ3v»r, ac*»LT 
1 3 0 0- 1 4 0 ori-SD&LT^ft&OiSlSittv^ 
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[0 0 3 3] ? h U 7 > XOS4T«ifrit> 

[0 0 3 4] £ e>U±ieS?^73^0S«&^XgJ;*5V> 

[003 5 ] z -?y>) x<r>mte-em.fm<p 

20 [0 0 3 6] IiT-fc7 5 7 ? h 'J y 7 XfCStt 

$SS i C-v b -y ?xcdK1£ USf5eftE'& 
$*i* 0 iO-tf ;7 7^«*tLtli, 

(±^<, vh'] -y;7X<7)«l£*t5fti:ra&>l:-t:9 5 7^ 

[003 7] :OJ:ii-b7 5 77 7i»«^PJ t L 
50 T(±, ftffc»t^**«* (SiC, Si-C-O, Si 

-t i-c-om) , s i ctewmm (zmtm*.i£ 

C) , 7JKt (Alz Oj ) mm., VA=i-T (Z r 

o 2 ) stm (c) »4t, (b) mm, rn.it 
ttv»* ( s i 3 N4 ) s i 3 N4 aaasit (r> 

*(i«x.«fC) , A7 -f hWI, SiO^A-, S 
i3 N4 ^^7.77-, Al2 03 7^*-, Z r 02 

[0 0 3 8] :ftf,M7<7nfiliHi 1 tS£-*m 
40 4fc#UitL-C*HMM** (Vf) -C-l 0 %Ja±<o«^-T- 
?Sftl$tL-&wt* I if i Lv>„ L^L^74 ? «b?^tlDi/4 s 5 0 

•y ? X ^E«1"* - k 7j f SSIt; t •) , XPB«>i&*(^v» 

So L7t^oT^a** s mtLS»i Lv»«BtO*»4 1 0 
-5 0#*%1?*>K iWiKlil 5-40M% 

[0 0 3 9] "ttv^t* /fy (M o S i 2 ) U i*<0 
'J 7-fy y'J + 'f K*fk**»±RlS*ttU ioTSi 
50 C«ttflf«:©*-f*i:n^«-» tiSLfcMoa*tS i 
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tiMt t t>>b%Z> #i<otl!!i s f ^:ii:J;o T#r its £ 
±SE*'J >v'J *<f K*^ftl*S i CftS 

[0 0 4 0] Mo S ia <i»** f 2 0 3 01CfciS< > it 

ttfbtttffcs i cm.m^tmtmmx-h*) , iuei 6 0 

OX:*^«i«iiJfc»flHbtt*r*-ro L*»U lOOOt 

[0 0 4 1] ±IBM o S i 2 #riii#& fc'W* 'J 7-r > > 

_ JfcMoSiz 4- f<?)t 'J 7 , t'> v »J K*fb£*W 
fl-lWBKi, S i CPKtRM&lbfrW jW-U5H*WU 

ffi^n^, H:g73 J 2 0 0 ^ m&TWffiTv&igyfctfc 

[0 0 4 2] ±IB^^ft^«ttl#* 5 S i C«f 

ii»tfc*fiBLfc«#*ffl-uiJv»rii, i o oot;tt±^ 

[0 0 4 3] -=e V yf> i/'J-tf-J K^fb#»*rtB 

-»«tLjt1ft-&*tfl-fcJt«L-C,"l 0 0 0 TCWJiWSSiS 

[0044] ±e*u r-r^vu-'M K^fb^-w^T?-*' 

<7>42i3l*# * Sfb ?«^ti:J:o TPSt h Z. t WX- 

[0 0 4 5] i/:-7 h V ■/ ?XS:Sit4i«fl-Cib4 
S i CO¥*M££(i, «^#*4o&#&&iS3iiK£«1S 
-t*^:*t>U, 2 0// mmTUtsfseSH&o 

[0 0 4 6] § b t-"^ h ') v ? X £ fflM&i" SISi S i O 
-^■WSI±1 0#«%J-:1TUIS:5e£*1-£o -OiSffiS iS" 
=ff*d*l 0fls«%*lB;i. 1 4 0 0CH 

±oAiaTr-s i amit ■ »»L-c«**m<o*iaaue 

[0 0 4 7] J fclMt^l 2 H X intWA 1 KK*W>-t 9 

l±, A»ft*iait1t«:*ffi-4fc*i-^ 8% 
J£LtJ3J:O f 9 0%J3L±UK!eS*L4« 1 

»**m*jWE*Hat+-c 1500-170 o cuaiaft 



(6) ^BH 1 ? 1 0 - 1 5 2 3 7 S 

70 

LT1IS i ^^*LTS?d»$*t^» 0 Ltztf^xmim. 

1 i:fS-t7 5 v ? *m&£ttn\<r>®l£M$. H*«2 
o«fi-tt»w**lbkJi:«L-c, SSts iftizfsgi-* 
frflimmtf&T U «RJb(i 9 0 %i-JL±t ^-5>o 

[0048] t75^ xift^^scfS^ns 
«®§l±*t^®?r©^fbL, ffflfl^CtiJii 

[0 0 4 9] -hiESt®JB<i> RI&*ttL.T5glSLfc-fc'5 

ttiagi 300-140 oruin&LTfasMisg&tf) 

[0 0 5 0] ft®Jt<7>]¥£rt ? 1 0 /im^St-Cab* t1S^ 
20 ^tg^-ft-fl-^ffSW 5 t> h 'J -/ 9 * t 

[0 0 5 1] ife±IE*®St-^-4^<5S is N4 O^p 
mUWi , A»**iB»* * * fc * *= 
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